The master oscillator of circadian rhythms in the rat exists in the suprachiasmatic nucleus (SCN) of the hypothalamus [10, 21] . Various morphological and physiological investigations of the SCN have been carried out [2, 8, 10, 14, 15] , and attention has been paid to peptide -containing neurons in the SCN. Vasoactive intestinal polypeptide (VIP) and peptide histidin isoleucine (PHI) are mainly distributed in neuronal cell bodies in the ventrolateral part of the SCN, which receives direct neuronal input from the retina [241. Arginine vasopressin (AVP) -and somatostatin (SRIH) -containing neurons are distributed in the dorsomedial portions of the SCN, which have been thought to be involved in the maintenance of circadian rhythms [191. Recently, we have found that the circadian rhythmicity of ambulatory and drinking activities became indistinct just after hypophysectomy, remained indistinct for 2~4 weeks, and then gradually recovered [171. It is also known that hypophysectomy modifies significantly the circadian rhythms of pineal N-acetyltransferase activity and melatonin content in the rat [13, 16] . The mechanism of change in the rhythmicity induced by hypophysectomy is obscure. It is well known that peptide neurons in the hypothalamus, especially in the median eminence, are affected by hypophysectomy [6, 7, 251 . Thus, it might be possible that hypophysectomy produces an essential change in peptide-containing neurons of the SCN that results in the abnormal behavioral rhythms. The purpose of the present study was to examine this possibility. Immunohistochemical staining for SRIH, VIP and AVP was performed to study the effect of surgical removal of the pituitary gland on the SCN. K Treatment : Hypophysectomy was performed at 60 days of age using the parapharyngeal approach under ether anesthesia. In this method, rats were treated with transsphenoidal surgery using a dental drill. After exposing the pituitary gland, it was taken out by sucker pipette. At 10, 30 and 60 days after the operation, rats were anesthetized with pentobarbital sodium, and perf used through the left ventricle of the heart with 70-80ml of 5 % acrolein in 50 mM phosphate buffer (pH 7.4). The brain was immediately removed from the skull and immersed in cold phosphate-buffered saline containing 30% sucrose for several days.
Immunohistochemistry : Twenty -micrometer serial frontal sections including the SCN were made with a freezing microtome.
After treatment of sections with 10mM NaI04 and NaBH4, they were immersed overnight in the first antiserum (rabbit anti-SRIH, -AVP and -VIP serum diluted to 1 : 700, 1 : 700 and 1 : 1000 just before use, respectively).
Then the sections were immersed in the second antiserum (1: 500 diluted goat anti-rabbit serum). Following these treatments, the sections were immersed in rabbit peroxidase-antiperoxidase (PAP), and finally, they were treated with diaminobenzidine tetrahydrochloride (DAB) mixed with hydrogen peroxide to provide color [31.
Results SRIH neurons : In the normal control rats, SRIH-positive neuronal fibers were mainly distributed in the medial portion of the SCN (Fig. la) . Hypophysectomy affected significantly the morphology of SRIH neurons. At 10 days after hypophysectomy, no SRIH-positive neurons were seen within the SCN (Fig. lb) , while heavily stained cell bodies were observed in the periventricular nucleus (Fig. 2 , indicated by arrow). Although similar abnormal staining patterns persisted up to 60 days, a few positive cell bodies could be recognized in the SCN at 30 and 60 days after hypophysectomy (Figs. lc, d).
VIP neurons : VIP-positive cell bodies were distributed densely in the ventral parts of the SCN of the normal rats (Fig. 3a) . These cell bodies in the most ventral parts were frequently embedded within the optic chiasm. A dense positive-fiber network was seen throughout the nucleus, expanding dorsal to the periventricular nucleus. Hypophysectomy did not significantly affect the immunohistochemical staining for VIP. In hypophysectomized rats ( Fig. 3b-d) , positive cell bodies were distributed mainly in the ventral parts and fibers throughout the nucleus, similar to the controls.
AVP neurons : The dorsomedial portions of the SCN were densely populated by AVPpositive neuronal perikarya and fibers (Fig.  4) . The number of cell bodies embedded in the optic chiasm was much less than in the case of VIP neurons (cf. Fig. 3a) . Hypophysectomy did not produce any changes in the density or distribution pattern of AVP neurons.
Discussion
In this study, immunostaining for SRIH in the SCN was significantly modified by hypophysectomy. The number of SRIH-positive fibers in the hypophysectomized rats was much lower than in controls. On the other hand, there was no essential change in either SRIHpositive neurons in the periventricular nucleus (areas adjacent to the SCN) or in VIP-and AVP-positive neurons in the SCN. These findings indicate that the modification of SRIH neurons by hypophysectomy is more specific than that of VIP and AVP neurons.
The SCN is divided two parts, dorsomedial and ventrolateral.
Visual input reaches the ventrolateral SCN through the retino-hypothalamic tract (RHT) [241. In the ventromedial part of the SCN, several biologically active peptides, including VIP and peptide histidine isoleucine (PHI), are recognized. VIP and VIP/PHI mRNA levels in the SCN are dependent on lighting conditions [19, 23] . Therefore, VIP and PHI are consid-ered to play a role as mediators of visual information to the circadian clock . On the other hand, AVP-and SRIH-containing neurons are found in the dorsomedial part of the SCN , which lacks direct visual projection from the retina. AVP and SRIH have been found to synchronize with the lighting schedule, and these circadian rhythmicities persist without environmental lighting cues [19,261. The SRIH mRNA content and electrical activity of SRIH neurons show circadian rhythms [18,23]. These observations indicate that the rhythmicities of AVP and SRIH are intrinsic circadian rhythms that are independent of visual input. Although the physiological role of SRIH neurons in the SCN is not yet clear, the present findings suggest that SRIH neuronal activity in the SCN is modified by hypophysectomy, and consequently, the circadian rhythmicity of behavioral activities is disturbed. In this experiment, we found that SRIH neurons became indistinct during 30 days, especially 10 days following hypophysectomy, after which they recovered slightly. The recovery of SRIH neurons corresponded to that of behavioral rhythmicities [171. The mechanism of morphological change in SRIH neurons resulting from surgical removal of the pituitary gland is unclear. Wakabayashi et at. [25] reported that hypophysectomy induced a clear-cut depletion of somatostatin in the hypothalamus 2 weeks after the operation, suggesting a decrease in the synthesis and/or release of somatostatin. It is well known that hypophysectomy modifies the activities of peptidecontaining neurons in the mediobasal hypothalamus. For example, growth hormone releasing hormone (GRH) in the median eminence is reduced by hypophysectomy, and thyroid hormone replacement partially restores its level [4] . Thus, modified plasma hormone levels might be involved in the morphological changes in SRIH neurons within the SCN following hypophysectomy. Several pituitary hormones , such as vasopressin and endorphins, can modify behavioral activities [9, 11] . Intra-arterially administered vasopressin can also modify the circadian rhythm of pineal melatonin synthesis [13] . Hypophysectomy is known to attenuate the nocturnal rise in melatonin content and its synthesizing enzyme [12, 16] . Another possibility is that disruption of the neuronal circuits within the hypothalamus by hypophysectomy causes more direct modification of SRIH neurons in the SCN. The pituitary gland is a target organ of vasopressin and oxytocin neurons in the hypothalamus, and the removal of the target produces widespread neuronal death in the supraoptic neucleus [1,51. It is possible that such neurons may participate in SRIH neurons in the SCN, since SCN neurons innervate widely the hypothalamic areas [20, 22] . The present findings demonstrated the existence of a fundamental relationship between the pituitary and SRIH neurons in the SCN. This relation may be responsible for the neuronal mechanism (s) underlying the maintenance of circadian rhythms. 
